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ABSTRACT: In the presence of (R)-DTBM-SEGPHOS-Pd-
(OAc)2 catalyst, treatment of various 3-(2,6-dibromophenyl)-
quinazolin-4-ones with NaBH4 gave optically active N−C axially
chiral quinazolinone (mebroqualone) derivatives through
reductive asymmetric desymmetrization (enantioselective
monohydrodebromination) followed by kinetic resolution of
the resulting monobromophenyl products (up to 99% ee). The
enantioselectivity strongly depended on the substituent (R2) at the C4′position, amount of NaBH4, and reaction temperature.

I n 2005, we succeeded in the highly enantioselective
synthesis of N−C axially chiral anilides and 3,4-dihydroqui-

nolin-2-ones through chiral Pd-catalyzed aromatic amination.1

After that publication, catalytic asymmetric syntheses of various
N−C axially chiral molecules were reported by many groups.2,3

On the other hand, N−C axially chiral quinazolin-4-one
derivatives possessing a GABA-receptor agonist and antitumor
activities have also become known (Figure 1),4 while there have
been no reports to date on catalytic enantioselective synthesis
of these bioactive quinazolinones.

Recently, Miller et al. reported the highly enantioselective
synthesis of N−C axially chiral quinazolinone derivatives via
chiral peptide-catalyzed electrophilic tribromination of 3-(3-
hydroxyphenyl)quinazolin-4-ones IV (Scheme 1).5 However,
since this reaction requires a hydroxyl group (an electron-
donating group) at the C3′ position for the tribromination of
the N-aryl group, the conversion from tribromination products
V to mebroqualone 2a and methaqualone 4a would appear to
be difficult. Indeed, although they succeeded in conversion to
mebroqualone analogue VI through the regioselective hydro-
debromination of V, removal of the oxygen functional group at
the C3′ position was not mentioned in their report.

In this paper, we report direct catalytic enantioselective
synthesis of mebroqualone 2a and its derivatives through chiral
palladium (PdL*)-catalyzed hydrodebromination (reductive
asymmetr ic desymmetrizat ion) of achiral 3-(2 ,6-
dibromophenyl)quinazoline-4-one derivatives 1 (Scheme 1).
Furthermore, the determination of the absolute stereochemistry
of mebroqualone 2a and the substituent effect on enantiose-
lectivity are described.
Various 3-(2,6-dibromophenyl)quinazoline-4-one substrates

1a−h were easily prepared through the reaction of N-
acylanthranilic acid and 2,6-dibromoaniline derivatives in the
presence of PCl3.

6 Initially, we attempted enantioselective
synthesis of N−C axially chiral quinazolinones via mono C−C
cross-coupling of 1 with methyl or phenyl metal species in the
presence of chiral Pd catalyst because syntheses of optically
active axially chiral biaryl derivatives through asymmetric
desymmetrization using chiral Pd-catalyzed cross-coupling
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Figure 1. Various bioactive quinazolinone derivatives bearing an N−C
axially chiral structure.

Scheme 1. Catalytic Asymmetric Synthesis of N−C Axially
Chiral Quinazolinones

Letter

pubs.acs.org/OrgLett

© XXXX American Chemical Society A DOI: 10.1021/acs.orglett.6b02865
Org. Lett. XXXX, XXX, XXX−XXX

pubs.acs.org/OrgLett
http://dx.doi.org/10.1021/acs.orglett.6b02865


have already been reported by Hayashi et al.7,8 However, the
methodology with asymmetric cross-coupling did not give a
good result for N−C axially chiral quinazolinone. In addition,
since this methodology is not applicable to synthesis of
mebroqualone 2a and mecloqualone IA, we next tried
asymmetric desymmetrization of 1 via chiral Pd-catalyzed
hydrodebromination.9

In the presence of Pd(OAc)2 catalyst (5.0 mol %) and
NaBH4 (2.0 equiv) in DMF (50 °C), the reaction conditions
for asymmetric desymmetrization with 1a were optimized
(Table 1). After screening of chiral phosphine ligands, it was

found that the use of (R)-DTBM-SEGPHOS10 gives the best
enantioselectivity (entry 7). In this case, 39% ee of mebroqu-
alone 2a was obtained in 49% yield together with over-
reduction side product 3a (20%). The present reaction was
significantly influenced by reaction temperature (entries 7−10).
That is, the enantioselectivity increased with decreasing
reaction temperature, and the reaction at 0 °C gave 73% ee
of 2a (48% yield, entry 10). When NaBH4 was decreased from
2.0 to 1.5 equiv, a considerable increase in the chemical yield
was observed (76%) while the enantioselectivity lowered to
56% ee (entry 11).11

Under the optimized conditions [7.5 mol % of (R)-DTBM-
SEGPHOS, 5.0 mol % of Pd(OAc)2, 1.5−2.5 equiv of NaBH4
in DMF at 0 °C], asymmetric desymmetrization with various
2′,6′-dibromo substrates 1b−h was further examined (Table 2).
In the reaction with 2-ethyl derivative 1b, an increase in the
enantioselectivity was observed in comparison with that with 2-
methyl derivative 1a (entries 1−4). Namely, the reaction of 1b
with 1.5 equiv and 2.0 equiv of NaBH4 gave 2a in 68% ee (81%
yield) and 89% ee (35% yield), respectively (entries 3 and 4).

The enantioselectivity was significantly influenced by the R2

(C4′) substituent on the N3-phenyl group to a greater extent
than the R1 substituent on the quinazolinone ring. For example,
the reaction of 1c and 1d bearing a 4′-methyl group proceeded
with higher enantioselectivity than those of 1a and 1b (entries
5−8). In particular, the reactions with 2.0 equiv of NaBH4 gave
products 2c and 2d with almost complete enantioselectivity
(98% ee and 40% yield, 99% ee and 36% yield, entries 6 and 8).
The reactions of 1e and 1f bearing an isopropyl group at the

C4′ position also proceeded with high enantioselectivity
(entries 9−13), while the use of a slightly larger amount of
NaBH4 in comparison with other substrates was required. As
shown in entries 11 and 13, the reactions with 2.5 equiv of
NaBH4 gave monobromo products 2e and 2f in 91% ee and
98% ee, respectively. Thus, an alkyl substituent at the C4′
position was found to bring about the remarkable increase in
enantioselectivity.
In contrast to 1c−f bearing an alkyl group at C4′, with

substrates 1g and 1h bearing C4′-methoxy and C4′-chloro
groups, a remarkable decrease in the enantioselectivity was
observed (entries 14−16). These results may indicate that a
significant change in the enantioselectivity by the C4′
substituent is caused by the electronic effects (inductive effect)
rather than steric factors.
As described in entries 1−15, the enantioselectivity showed

an increasing tendency as the amount of NaBH4 increased. At
the same time, it led to a decrease in the yield of
desymmetrization product 2 and an increase in the yield of
over-reduction side product 3. Thus, this strongly suggests that
the ee of 2 shown in Table 2 was determined not only by the
asymmetric desymmetrization process (the first hydrodebromi-

Table 1. Optimization of Reaction Conditions for Catalytic
Enantioselective Synthesis of Mebroqualone 2a through
Reductive Asymmetric Desymmetrization

entry chiral ligand
t

(°C)
2a yielda

(%)
2a eeb

(%)
3a yielda

(%)

1 (R)-DIFLUORO-
PHOS

50 34 0 2

2 (R)-MOP 50 53 0 10
3 (S,S)-CHIRAPHOS 50 59 0 15
4 (S,R)-PPFA 50 61 0 26
5 (R)-SEGPHOS 50 53 9 7
6 (R)-BINAP 50 48 29 8
7 (R)-DTBM-

SEGPHOS
50 49 39 20

8 (R)-DTBM-
SEGPHOS

40 48 56 31

9 (R)-DTBM-
SEGPHOS

30 58 60 23

10 (R)-DTBM-
SEGPHOS

0 48 73 27

11c (R)-DTBM-
SEGPHOS

0 76 56 7

aThe yield was determined by 1H NMR analysis of the mixture of 2a
and 3a. bThe ee was determined by HPLC analysis using a chiral AS-H
column. c1.5 equiv of NaBH4 was used.

Table 2. Catalytic Asymmetric Desymmetrization of Various
3-(2,6-Dibromophenyl)quinazolin-4-ones

entry 1 R1, R2 NaBH4
a 2

2
yieldb

(%)

2
eec

(%) 3

3
yieldb

(%)

1 1a Me, H 1.5 2a 76 56 3a 7
2 1a Me, H 2.0 2a 48 73 3a 27
3 1b Et, H 1.5 2b 81 68 3b 11
4 1b Et, H 2.0 2b 35 89 3b 45
5 1c Me, Me 1.5 2c 83 77 3c 6
6 1c Me, Me 2.0 2c 40 98 3c 40
7 1d Et, Me 1.5 2d 90 77 3d 5
8 1d Et, Me 2.0 2d 36 99 3d 58
9 1e Me, i-Pr 1.5 2e 62 73 3e 3
10 1e Me, i-Pr 2.0 2e 73 80 3e 13
11 1e Me, i-Pr 2.5 2e 50 91 3e 32
12 1f Et, i-Pr 2.0 2f 75 74 3f 12
13 1f Et, i-Pr 2.5 2f 44 98 3f 40
14 1g Me, OMe 1.5 2g 68d 29 3g 12d

15 1g Me, OMe 2.0 2g 36d 59 3g 43d

16 1h Me, Cl 1.5 2h 49d 28 3h e
aEquivalents of NaBH4.

bThe yield was determined by 1H NMR
analysis of the mixture of 2 and 3. cThe ee was determined by HPLC
analysis using a chiral column. dIsolated yield. eThe formation of
several byproducts was observed, and these structures were not
determined.

Organic Letters Letter

DOI: 10.1021/acs.orglett.6b02865
Org. Lett. XXXX, XXX, XXX−XXX

B

http://dx.doi.org/10.1021/acs.orglett.6b02865


nation) but also by kinetic resolution of the resulting 2 (the
second hydrodebromination).12

Indeed, when racemic mebroqualone rac-2a was treated with
1.0 equiv of NaBH4 in the presence of (R)-DTBM-
SEGPHOS−Pd(OAc)2 catalyst, 38% ee of (+)-2a was
recovered (recovery yield 22%) together with reduction
product 3a (54%, Scheme 2), and the major enantiomer of
the recovered (+)-2a had the same absolute configuration as
product 2a described in Table 2 (entries 1 and 2).

Since the absolute stereochemistry of mebroqualone 2a has
yet to be determined, the stereochemical assignment of 2a was
investigated next. We observed significant self-disproportiona-
tion of enantiomers (SDE) during MPLC purification of
optically active 2a (66% ee) and could obtain 99% ee of 2a by
the SDE (Figure 2).13,14 Subsequently, X-ray crystal structural

analysis of (+)-2a (99% ee) was performed, and the major
enantiomer was determined to have the (P)-configuration
(Figure 2).15 The stereochemistries of other mebroqualone
derivatives 2b−h, which have a large positive [α]D value as in
2a, were also predicted to have the (P)-configuration.
We also attempted to convert mebroqualone 2a to

methaqualone 4a. Miller et al. mentioned that Suzuki−Miyaura
coupling of optically active mebroqualone analogue VI
(Scheme 1) with organoboronic acid brings about a significant
decrease in the ee in the coupling product.5 After a detailed
survey, they found the reaction conditions which proceed
without a decrease in the original ee, while the reaction is
limited to arylboronic acid and the reaction with alkyl boronic
acid was not described. We investigated Suzuki−Miyaura
coupling of optically active mebroqualone 2a with methyl
boronic acid in the presence of Pd(OAc)2 and various
phosphine ligands.16 The reaction of (P)-2a (94% ee) with
DPPP ligand gave 42% ee of methaqualone product (P)-4a in
40% yield (Scheme 3). Although reactions in the presence of
other phosphine ligands [Ph3P, (o-Tol)3P, t-Bu3P, John-Phos]
were also conducted, unfortunately, no better result than that of
DPPP was obtained. Since the 2a and 4a have high rotational
barriers (more than 31 kcal/mol), the significant decrease in
the ee is most probably due to the lower rotational barrier
around the chiral axis in aryl-Pd intermediates 2A and 2A′.

In conclusion, we succeeded in the catalytic enantioselective
synthesis of mebroqualone and its derivatives through chiral
Pd-catalyzed reductive asymmetric desymmetrization of 3-(2,6-
dibromoaryl)quinazolin-4-ones followed by kinetic resolution
of the resulting monobromo products. Furthermore, the
absolute stereochemistry of the mebroqualone product was
determined to have the (P)-configuration.

■ ASSOCIATED CONTENT
*S Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.6b02865.

Experimental details and spectroscopic data (PDF)

■ AUTHOR INFORMATION
Corresponding Author

*E-mail: kitagawa@shibaura-it.ac.jp.
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
This work was partly supported by a Grant-in-Aid for Scientific
Research.

■ REFERENCES
(1) Kitagawa, O.; Takahashi, M.; Yoshikawa, M.; Taguchi, T. J. Am.
Chem. Soc. 2005, 127, 3676.
(2) Representative papers on catalytic asymmetric synthesis of N−C
axially chiral compounds: (a) Kitagawa, O.; Kohriyama, M.; Taguchi,
T. J. Org. Chem. 2002, 67, 8682. (b) Terauchi, J.; Curran, D. P.
Tetrahedron: Asymmetry 2003, 14, 587. (c) Brandes, S.; Bella, M.;
Kjoersgaard, A.; Jørgensen, K. A. Angew. Chem., Int. Ed. 2006, 45,
1147. (d) Tanaka, K.; Takeishi, K.; Noguchi, K. J. Am. Chem. Soc.
2006, 128, 4586. (e) Duan, W.; Imazaki, Y.; Shintani, R.; Hayashi, T.
Tetrahedron 2007, 63, 8529. (f) Oppenheimer, J.; Hsung, R. P.;
Figueroa, R.; Johnson, W. L. Org. Lett. 2007, 9, 3969. (g) Clayden, J.;
Turner, H. Tetrahedron Lett. 2009, 50, 3216. (h) Ototake, N.;
Morimoto, Y.; Mokuya, A.; Fukaya, H.; Shida, Y.; Kitagawa, O. Chem. -
Eur. J. 2010, 16, 6752. (i) Shirakawa, S.; Liu, K.; Maruoka, K. J. Am.
Chem. Soc. 2012, 134, 916. (j) Kamikawa, K.; Arae, S.; Wu, W.-Y.;
Nakamura, C.; Takahashi, T.; Ogasawara, M. Chem. - Eur. J. 2015, 21,
4954. (k) Zhang, J.; Zhang, Y.; Lin, L.; Yao, Q.; Liu, X.; Feng, X. Chem.
Commun. 2015, 51, 10554.
(3) For reviews, see: (a) Takahashi, I.; Suzuki, Y.; Kitagawa, O. Org.
Prep. Proced. Int. 2014, 46, 1. (b) Kumarasamy, E.; Raghunathan, R.;
Sibi, M. P.; Sivaguru, J. Chem. Rev. 2015, 115, 11239.
(4) (a) Grishina, V. M. Tr. Permsk. Farm. Inst. 1967, 2, 9.
(b) Shelenkova, S. A. Nauch. Tr. Perm. Farm. Inst. 1971, 4, 29.
(c) Mannschreck, A.; Koller, H.; Stühler, G.; Davis, M. A.; Traber, J.
Eur. J. Med. Chem. Chim. Ther. 1984, 19, 381. (d) Dolma, S.; Lessnick,
S. L.; Hahn, W. C.; Stockwell, B. R. Cancer Cell 2003, 3, 285.
(e) Ghosh, S. K.; Nagarajan, R. RSC Adv. 2016, 6, 27378.

Scheme 2. Kinetic Resolution with rac-2a

Figure 2. SDE observed in MPLC of 2a (66% ee) and X-ray crystal
structure of (+)-(P)-2a.

Scheme 3. Conversion of 2a to Methaqualone 4a

Organic Letters Letter

DOI: 10.1021/acs.orglett.6b02865
Org. Lett. XXXX, XXX, XXX−XXX

C

http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.6b02865
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.6b02865
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6b02865/suppl_file/ol6b02865_si_001.pdf
mailto:kitagawa@shibaura-it.ac.jp
http://dx.doi.org/10.1021/acs.orglett.6b02865


(5) Diener, M. E.; Metrano, A. J.; Kusano, S.; Miller, S. J. J. Am.
Chem. Soc. 2015, 137, 12369.
(6) (a) Wolfe, J. F.; Rathman, T. L.; Sleevi, M. C.; Campbell, J. A.;
Greenwood, T. D. J. Med. Chem. 1990, 33, 161. (b) Xu, Y.-L.; Lin, H.-
Y.; Cao, R.-J.; Ming, Z.-Z.; Yang, W.-C.; Yang, G.-F. Bioorg. Med.
Chem. 2014, 22, 5194.
(7) (a) Hayashi, T.; Niizuma, S.; Kamikawa, T.; Suzuki, N.; Uozumi,
Y. J. Am. Chem. Soc. 1995, 117, 9101. (b) Kamikawa, T.; Uozumi, Y.;
Hayashi, T. Tetrahedron Lett. 1996, 37, 3161.
(8) Typical papers on the synthesis of axially chiral biaryl derivatives
through other nonenzymatic catalytic enantioselective desymmetriza-
tion. (a) Perron, Q.; Alexakis, A. Adv. Synth. Catal. 2010, 352, 2611.
(b) Mori, K.; Ichikawa, Y.; Kobayashi, M.; Shibata, Y.; Yamanaka, M.;
Akiyama, T. J. Am. Chem. Soc. 2013, 135, 3964. (c) Armstrong, R. J.;
Smith, M. D. Angew. Chem., Int. Ed. 2014, 53, 12822. For a recent
review on catalytic asymmetric desymmetrization, see: (d) Zeng, X.;
Cao, Z.; Wang, Y.; Zhou, F.; Zhou, J. Chem. Rev. 2016, 116, 7330.
(9) Papers on hydrodebromination of aryl bromide with Pd(OAc)2
catalyst (achiral Pd catalyst) and NaBH4: (a) Chae, J.; Buchwald, S. L.
J. Org. Chem. 2004, 69, 3336. (b) Fennewald, J. C.; Landstrom, E. B.;
Lipshutz, B. H. Tetrahedron Lett. 2015, 56, 3608. A paper on catalytic
enantioselective synthesis of planar chiral compounds through
reductive asymmetric desymmetrization with chiral Pd catalyst and
LiBH4 has been reported by Kündig et al.: (c) Kündig, E. P.;
Chaudhuri, P. D.; House, D.; Bernardinelli, G. Angew. Chem., Int. Ed.
2006, 45, 1092.
(10) Saito, T.; Yokozawa, T.; Ishizaki, T.; Moroi, T.; Sayo, N.; Miura,
T.; Kumobayashi, H. Adv. Synth. Catal. 2001, 343, 264.
(11) Similar results were obtained when LiBH4 was used instead of
NaBH4 (see the Supporting Information).
(12) (a) Ichikawa, J.; Asami, M.; Mukaiyama, T. Chem. Lett. 1984, 13,
949. (b) Schreiber, S. L.; Schreiber, T. S.; Smith, D. B. J. Am. Chem.
Soc. 1987, 109, 1525.
(13) For a review on SDE via achiral chromatography, see:
Soloshonok, V. A.; Roussel, C.; Kitagawa, O.; Sorochinsky, A. E.
Chem. Soc. Rev. 2012, 41, 4180.
(14) A similar SDE was also observed in other N−C axially chiral
compounds: Hirata, T.; Takahashi, I.; Suzuki, Y.; Yoshida, H.;
Hasegawa, H.; Kitagawa, O. J. Org. Chem. 2016, 81, 318.
(15) CCDC-1492721 (2a) contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of charge
from the Cambridge Crystallographic Data Centre via www.ccdc.com.
ac.uk/data_request/cif.
(16) We also attempted Suzuki−Miyaura coupling of (P)-2a (87%
ee) with methyl boronic acid under Miller’s conditions [10 mol % of
Pd2(dba)3, 20 mol % of t-Bu(c-hexyl)2P·HBF4, 4.0 equiv of K3PO4 in
THF−H2O (3:1) at 45 °C for 24 h]. Although 83% ee of 3a was
obtained, the chemical yield was poor (10%).

Organic Letters Letter

DOI: 10.1021/acs.orglett.6b02865
Org. Lett. XXXX, XXX, XXX−XXX

D

http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6b02865/suppl_file/ol6b02865_si_001.pdf
http://www.ccdc.com.ac.uk/data_request/cif
http://www.ccdc.com.ac.uk/data_request/cif
http://dx.doi.org/10.1021/acs.orglett.6b02865

